Introduction
A number of studies reported the effect of weather patterns on birth weights and other reproductive traits. Colburn et al. (1997) reported an increase in mean winter temperature over a 3-yr period decreased calf birth weight (10 lb) and calving difficulty 23%. In a 6-yr study using 2 yr old cows, Deutsher et al. (1999) demonstrated the coldest winter was followed by heavier calf birth weights (11 lb) and 29% greater calving difficulty compared with the warmest winter.
Barometric pressure, wind speed and daily rainfall were reported to be negatively correlated with the number of dairy cows presented daily for insemination (Harris, 1985) . Gestation period was 4.9 d less in a group of cows that went into labor on, or after, the sixth day of a constant weather situation (Dickie et al., 1994) . In addition, Dvorak (1978) reported atmospheric pressure patterns declined 3 and 1 d prepartum, after a rise in pressure for Angus, Hereford and Shorthorn females. Therefore, the objective of this study was to determine the relationship between barometric pressure and maximum and minimum environmental temperatures on the incidence of parturition in beef cows.
Material and Methods
All beef cows were managed in compliance with general husbandry practices and Beef Quality Assurance guidelines. Calving records from the Livestock and Forestry Research Station (Batesville, Ark.) and the Department of Animal Science Savoy Research Unit (Savoy, Ark.) were used. The dates and length of fall (FALL) and spring (SPR) calving seasons and the number of calves born within location and year are summarized (Table 1 ). The dataset contained 2,210 births over 1,547 d among the calving seasons. All cows were multiparous, predominately Angus, and naturally bred.
Barometric pressure (BARO), maximum (MAX_T), and minimum (MIN_T) environmental temperatures from the Mountain Home and Fayetteville, Ark. weather stations were obtained from the Southern Regional Climate Center, Louisiana State University, Baton Rouge, La. The BARO represents an average daily station pressure. The average daily station pressure was based on 8, 3-h observations/d. Units were expressed in millibars (mbar). Maximum and minimum environmental temperatures were determined with maximum and minimum thermometers or recording instruments and are reported in °F.
Barometric pressure on the day of and 1, 2, and 3 d before calving is designated as BARO 0, -1, -2 and -3, respectively. The maximum environmental temperature on the day of and 1, 2, and 3 d before calving is designated as MAX_T 0, -1, -2 and -3, respectively, and the minimum environmental temperature on the day of calving and 1, 2, and 3 d before calving is designated as MIN_T 0, -1, -2 and -3, respectively.
Since there was not an equal number of cows calving among locations and calving seasons, the proportion of calves born within a location, season, and year was examined to establish an analytical approach. Figure 1. illustrates the relationship between the proportion of observed calving events by the percentage of days representing those events. Among the observed 1,547 d, 46% of those days reported no births. Birthing rates that equaled 1, 2, and 3 or more percent of the calf crop was reported on 20, 16, and 18% of d, respectively. Due to the number of days represented by no births compared to all other birth rates and the diminishing number of days whereby a greater proportion of births occurred, a yes-no response variable was created to represent whether or not calving occurred. Days in which calves were born, regardless of the proportion of the total calf crop born on that date, are represented by CALF and days in which no calves were born are represented as NOCALF.
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The relationship between barometric pressure and maximum and minimum temperature with the incidence of parturition in beef cows was examined. Spring and fall calving records, over a 5 yr period from the Livestock and Forestry Research Station (Batesville, Ark.) and Savoy Research Unit (Savoy, Ark.) were analyzed. Cows were multiparous, predominately Angus, and naturally bred. During this period, 2,210 calves were born over a cumulative 1,547 d. Barometric pressure and maximum and minimum temperature was obtained from the Southern Regional Climate Center. The combined calving record and climate variables were used to determine differences in barometric pressure and maximum and minimum temperature on d 0 (d of calving) and -1, -2, or -3 (d prior to calving, respectively) calving occurred or did not occur. For fall calving cows, barometric pressure on d 0 and -1, -2 or -3 was not different between days calves were born and days calves were not born (P > 0.10). No differences were detected for maximum temperature on d 0 or -2 (P > 0.10), however, the maximum temperature was higher on d -1 and -3 for on days calves were born compared to days calves were not born (P < 0.05). The minimum temperature was greater on d -1, -2 and -3 on days calves were born compared to days calves were not born (P < 0.05). In spring, barometric pressure on d 0, -1, -2 and -3 was higher (P < 0.05) on days calves were born compared to days calves were not born. Maximum temperatures on d 0, -1, and -3 were lower on days calves were born compared to days when calves were not born (P < 0.05) and minimum temperature for d 0, -1, -2 and -3 was lower (P < 0.05) on days calves were born versus days calves were not born. This data indicated for spring, a higher barometric pressure and decrease in environmental temperature was associated with parturition; whereas, for fall an increase in environmental temperature was associated with parturition.
Variables of interest were BARO, MAX_T, and MIN_T on d 0, -1,-2, and -3; therefore, these variables were modeled as dependent variables and the full model included the yes-no observed calving response variable, location, season, and 2-and 3-way interactions as fixed effects. Year was modeled as a random effect, and models were reduced by removing non-significant interactions (P > 0.10) based on Type III sum of squares. Least-square means separation of dependent variables was conducted for significant interaction terms and pairwise error rates were controlled using TukeyHSD. All data was modeled using the MIXED procedure (SAS Inst., Cary, N.C.).
Results and Discussion
Season by location and season by observed calving date response variable (CALF or NOCALF) were the only significant interactions for BARO, MAX_T, and MIN_T on d 0, -1, -2, and -3, respectively. All climate variables differed by season within location (P ≤ 0.06). Both the Savoy Research Unit and the Livestock and Forestry Research Station are located in northern Arkansas; however, their longitudinal difference allows for seasonally diverse weather patterns. All climate variables, with the exception of BARO d -3, differed (P < 0.05) by calving season for the observed calving date response variable (CALF or NOCALF). The results and discussion of this paper emphasizes the climatic difference between CALF and NOCALF within FALL and SPR calving seasons.
Atmospheric pressure is the force per unit area exerted against a surface by the weight of air above that surface in the earth's atmosphere. Low pressure areas have less atmospheric mass above their location, whereas high pressure areas have more atmospheric mass above their locations. Similarly, as elevation increases there is less overlying atmospheric mass, so that pressure decreases with increasing elevation.
The relationship of BARO on d 0, -1, -2, and -3 for CALF and NOCALF in FALL and SPR is summarized in Table 2 . For FALL, BARO on d 0, -1,-2 and -3 was not different between CALF and NOCALF (P > 0.10). For SPR, BARO was higher (P < 0.05) for CALF compared to NOCALF on d 0 (1017.3 vs. 1015.6), -1 (1017.4 vs. 1015.6), -2 (1017.6 vs. 1015.6) and -3 (1017.4 vs. 1016.0), indicating that in SPR (Jan thru Apr) beef cows calved during times of rising BARO.
These data agree with Dvorak (1978) where it was reported that parturition for Angus, Hereford and Shorthorn cows occurred during a period of rising BARO during the spring (Mar and Apr). Dickie et al. (1994) reported a reduction in the gestation period by almost 5 d, which occurred during long-lasting weather conditions. It seems that cattle make use of a continuous weather situation (increased period of rising BARO) for calving. The fetus triggers the onset of parturition by initiating a number of complex endocrine and biochemical events originating in the hypothalamo-pituitary axis. The hormonal changes associated with parturition are involved with final maturation of the fetus, termination of pregnancy, expansion of the birth canal, initiation of uterine contractions, maternal behavior, synthesis of milk and the ability to eject milk (Bazer and First, 1983) . The changes of BARO may be triggering the onset of parturition by stimulating the secretion of glucocorticoids. Stevenson (1989) reported low BARO appeared 7 to 4 d before calving in Holstein cows and heifers that calves in the fall (Sep thru Dec), with parturition occurring during a period of increasing pressure. It was therefore, hypothesized, the increase in BARO may influence adrenal secretion of glucocorticoids. An exposure to decreasing BARO from 7 to 4 d before calving might be capable of eliciting adrenal secretion of glucocorticoids. The hour of calving was unrelated to barometric pressure and maximum and minimum environmental temperatures during the week preceding parturition. In the current study, a period of increasing BARO (1, 2, and 3 d prior to calving) did not appear to influence parturition in FALL.
The relationship of MAX_T on d 0, -1, -2, and -3 d for CALF and NOCALF in FALL and SPR is summarized in Table 3 . The MAX_T was higher on d -1 (75.9° vs. 73.2°) and -3 (76.6° vs. 74.1°) for FALL-CALF compared to NOCALF (P < 0.05). There were no differences in MAX_T on d 0 or -2 for CALF compared to NOCALF (P > 0.10) in FALL. In SPR, lower MAX_T was associated with parturition. Maximum environmental temperature on d 0 (58.5° vs. 60.8°), -1 (57.9° vs. 60.8°), and -3 (57.2° vs. 60.3°), was lower on CALF compared to NOCALF (P < 0.05). No difference was detected on d -2 (P > 0.10).
The relationship of MIN_T on d 0, -1, -2, and -3 between CALF and NOCALF in FALL and SPR followed the same pattern detected in MAX_T (Table 4 ). For FALL, the MIN_T was greater on d -1(55.0° vs. 52.3°), -2 (55.4° vs. 52.5°) and -3 (55.6° vs. 53.1°) for CALF compared to NOCALF (P < 0.05). No differences were detected on d 0 (P > 0.10). In SPR, CALF temperature for d 0 (36.7° vs. 39.0°), -1(36.5° vs. 38.7°), -2 (35.8° vs. 38.7°) and -3 (35.2° vs. 38.8°) was lower (P < 0.05) than NOCALF. This data indicates in SPR, a decrease in environmental temperature may provide a trigger to initiate parturition; whereas, for FALL, an increase in environmental temperature that may provide a trigger to initiate parturition. Stevenson (1989) reported a small negative correlation of daily temperature with days to calving in Holsteins calving in Sept. to Dec. The net effect of the climatic variables studied indicated that only decreased BARO, increased rainfall, increased humidity, and day length during the last 7 d of gestation were significantly related to the onset of parturition. These effects are not unique events that always precede calving. There are many unexplained factors that account for the onset of calving.
From the fall through early spring (Oct through Apr), a departing storm system will often be followed by a trend toward more tranquil weather and increasing BARO. This may include clearing and colder conditions. In the warmer months and especially summer, changes are usually less noticeable and not as frequent, and pressure tendencies are not as dramatic (John Lewis, National Weather Service, Little Rock, Ark., pers. comm.).
Management factors such as the time of feeding also impact calving patterns. Evening feeding was reported to result in more daylight births in spring calving Hereford and Charolais beef cows (Jaeger et al., 2008) and in dairy cows and heifers (Stevenson, 1989) . Jaeger et al. (2008) suggested that providing feed to cattle in the late afternoon before daily temperatures significantly decline might result in an increase in the metabolic heat load. This would possibly offset the daily nighttime decrease in environmental temperature and the precalving maternal body temperature decline, shifting more births to daytime hours. The time of feeding was not documented in the current study.
Implications
Parturition is one of the most important events in the reproductive cycle of a beef cow. Barometric pressure and maximum and minimum environmental temperatures are few of the many factors associated with the initiation of calving in beef cows. Departing storm fronts will often be followed by a trend toward more tranquil weather and increasing barometric pressure during the early spring which may include clearing and colder conditions. This type of weather pattern seems to influence the incidence of beef cows calving in the spring whereas warmer temperatures may influence calving in the fall. Noting these weather patterns could assist producers in improving timely obstetrical assistance and thus saving more calves at birth.
